Brazilian publications with the word "mercury" were practically the same, 2.7%-2.8% of the total world publication, transferring Brazil from the 13th to 12th position in the ranking of publications by country. On the other hand, publications with the word "selenium" increased from 0.4% to 3.7% of the total world publication, transferring Brazil from 34rd to the 10th position (data from Scopus). These observations indicate the importance of the research about these elements, both in national and international levels.
To our knowledge there is no bibliometric study related with those chemical elements.
Thus, this study can be of utmost importance for the researchers working in these areas taking into account the fact that it portrays the global trend of these elements and their scientific production. Bibliometric tools are used to investigate research trends in a specific research field (Cao et al., 2012; Canas-Guerrero et al., 2013) and the scientific outputs of researchers (Kamdem et al., 2016 ), countries, journals, and institutions (Abramo et al., 2011 . For instance, recently, Kamdem et al. (2018) used bibliometrics tool to compare the scientific productivity of Brazilian researchers from different fields in Biomedical Sciences and highlighted the need for objective bibliometric parameters that can be considered in grant allocation.
Although there are some important studies analyzing the scientific production related Research, Society and Development, v. 9, n. 2, e150922177, 2020 (CC BY 4.0) | ISSN 2525 -3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i2.2177 6 to chemical elements (Schummer, 1997; Magnone, 2012) , for example, the study performed by Schummer (1997) where the author analyzed the growth in the publication of chemical substances during the period of 1800 to 1995. Considering the lack of information on the trend of selenium and mercury in scientific literature, the present study was designed to quantitatively and qualitatively investigate research trends on Se and Hg within the past decades using Scopus database in order to reveal the well performing countries, the Scopus subject categories where they are indexed and the most contributing authors.
Materials and methods

Data source
The data were collected from May to June 2017 using Scopus database which is one of the widely used databases that covers chemistry, health and life science, environmental science among other areas (Jacso, 2005; Leydesdorff et al. 2015) .
Search strategies
For bibliometric analysis, "selenium", "selenide", "selenite", "selenate", "organoselenium", "mercury", "inorganic mercury", "mercury vapor" and "methylmercury" were used as keywords to search all documents (articles, reviews, and book chapters) available since 1700 to 2017, that containing these words in the abstract, keyword list and/or title. It should be stressed that each keyword was entered individually for data collection.
Moreover, the Boolean "and" was used to search the documents that containing selenium and mercury.
Data collection
The following information was manually collected for each keyword: publication output per decade, total number of published documents, year of the first indexed document,
year with the highest number of indexed documents, top 5 contributing countries, top 5
Scopus subject categories where the documents were indexed, top 5 authors that have the highest number of indexed documents and their citations. The top 5 contributing countries, Scopus subject categories where the documents were indexed, and authors that have the highest number of indexed documents and their citations were chosen because they represent more than 50 %of the published documents. Research, Society and Development, v. 9, n. 2, e150922177, 2020 (CC BY 4.0) | ISSN 2525 -3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i2.2177 7
Results and discussion
3.1 Published documents related to Selenium, Mercury and their inorganic and organic forms Different chemical forms of selenium (Se) and mercury (Hg) have been tested for their pharmacological and toxicological activities in various models, and used as catalysts for the synthesis of new compounds (Yasuda et al. 2004; Clarkson et al. 2007; Rocha & Nogueira 2010; Bjorklund et al. 2017; Oliveira et al. 2017) . Table 1 shows that since the first publication of a document with the word "selenium" in 1818, almost 82,000 documents have been published, with the highest number of publications in 2015 (5%). However, studies with the inorganic forms of selenium began almost five decades later with the maximum number of publications in 2013 for selenide (5%), 2014 for selenite (4%) and 2012 for selenite (4%).
The organic form of selenium, organoselenium, emerged in 1939 as promising pharmaceutical agents (Nogueira & Rocha, 2011) , and steadily increased to reach its maximum number of documents in 2011, with 6% of its total documents (Table 1) . On the other hand, the first scientific document with the word "mercury" found in Scopus database was published in 1798, 19 years before the discovery of Se (Table 1 ). The highest number of documents published with the word "mercury" was in 2016, representing 4% of the total indexed documents (Table 1 ). This finding indicates that mercury poisoning still emerged in the past years. In this context, Ori et al. (2018) recently reported mercury poisoning in a toddler from home contamination due to skin-lightening cream. Although the first indexed paper with the organic form of mercury (i.e., methylmercury) is relatively recent (1960) in comparison to its inorganic forms, inorganic mercury (1923) and mercury vapor (1873), the number of documents with methylmercury was higher than that of others, with the highest number of indexed documents in 2012 (4%) ( Table 1) . It also can be noted that the first documents related to the organic forms of both selenium (organoselenium, 1939) and mercury (methylmercury, 1960) were published more than a hundred years after the first selenium (1818) and mercury (1798) publication (Table 1) . 
Total number
Year of the Year with the Research, Society and Development, v. 9, n. 2, e150922177, 2020 (CC BY 4. Moreover, when we searched documents with the keywords selenium and mercury the first indexed document was published in 1913 and the year with the highest publication was 2015 (5%) ( Table 1) .
3.2 Global evolution of publication output per decade with "Selenium", "Mercury" and their organic and inorganic forms
The distribution of publication output per decade with the word "selenium" and its organic and inorganic is depicted in the Figure 1A . Although the publications with mercury and selenium started in the XVIII and XIX centuries, respectively, the "boom" of published documents started in the 60's and 70's decades. The number of indexed documents with the word "selenium" increased dramatically from 1960 to 2010 followed by that published with the word "Selenide" (from 1970-2010), both representing ~85% of the total number of documents ( Figure 1A) . and its organic and inorganic forms; (B) "Mercury" and its organic and inorganic forms.
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In contrast to Selenium, there was an increasing number of published documents with the keyword "mercury" during two periods: from 1940 to 1970 and from 1990 to 2010. The "methylmercury" documents presented an increase in the number of documents mainly from 1990 to 2010 ( Figure 1B ). The number of documents with the keywords "mercury" and "methylmercury" represented ~95% of the total documents ( Figure 1B) .
The top 5 productive countries in research on Selenium, Mercury and their organic and inorganic forms
The contribution of the countries to science is of extreme importance. Here, the top 5 countries were ranked based on their number of scientific productivity. Table 2 shows that the United States with approximately 23-28% and 24-37% of total publications in Selenium and Mercury, respectively, stands out far above the other countries. Twenty-five (25) to 30% of the published documents with these keywords were from authors affiliated in American universities (data not shown). Research, Society and Development, v. 9, n. 2, e150922177, 2020 (CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i2.2177 Selenium So far behind the USA, we find China (CHN) at the second position for selenium, selenide, selenite, and mercury; Japan (JNP) for selenate, methylmercury, inorganic mercury, and mercury vapor; and Brazil (BRA) for organoselenium. In fact, China is a big country and we assume that its position is explained, at least in part, by the fact that several researchers are working with these chemical elements. In agreement with this, only one Chinese researcher appeared on the top 5 authors when the keyword "Mercury" was entered ( Figure 3 ). On the other hand, Brazil is also a big country but research on organoselenium compounds is concentrated in the Southeast region. Four Brazilian authors appeared in the rank of the top 5 authors ( Figure 2 ). It is also important to note that Brazil is the only country in Latin America that appears in the top 5 countries that contributed to the selected keywords of this work. This might be due in part to the financial support from the Brazilian funding agencies, mainly, CAPES (Coordination for the Improvement of Higher Education Personnel) and CNPq (National Council for Scientific and Technological Development) (Kamdem et al., 2017) . The presence of Japan in the second position for the keyword "mercury" may be attributed to the case of Minamata outbreak (a case of organic mercury contamination in Japan) in the 50-70
decades (Ekino et al., 2007) . After it, the number of published documents about mercury Research, Society and Development, v. 9, n. 2, e150922177, 2020 (CC BY 4 .0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i2.2177 11 intoxication increased considerably and it is plausible to think that Japan has been improving its research in this area. Unlike the countries, the classification of the keywords by Scopus subject categories was diverse, indicating that research on these keywords has emerged in other subject categories. Table 3 shows the top 5 Scopus subject categories for each keyword. They were classified based on the number of documents per category. It can be observed that the Scopus subject category, Medicine (MED) was in the first place to the keywords "selenium" (28%) and "selenite" (35%) (Table 3) . Similarly, Physics and Astronomy (PA) category was in the first position for the keyword "selenide" (46%), Chemistry (CHE) for "selenate" (31%), and Biochemistry, Genetics and Molecular Biology (BGMB) for the keyword "organoselenium" (48%) ( Table 3) . The most represented category in comparison to the others was BGMB (48%) which can be explained at least in part, by the use of selenium in cancer therapy among others (Rocha et al, 2017a,b; Ju et al. 2017 ). In addition, the number of papers where selenium is used for the synthesis of new molecules is high, and this justifies the strongest of Chemistry (CHE) area in the field of selenium. Research, Society and Development, v. 9, n. 2, e150922177, 2020 (CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i2.2177 1 In relation to Mercury and its derivatives keywords, Chemistry (CHE), Environmental Science (ES) and Physics and Astronomy (PA) are the top subject categories for "mercury" (27%), "methylmercury" (42%) and "inorganic mercury" (36%), and "mercury vapor" (25%), respectively. The position of the Chemistry area in the first place when the keyword "mercury" was entered may be explained not only by the use of Hg in the synthesis of new molecules, but also by the several papers that study Hg-Se interactions (Jensen et al., 1992; Yasuda et al., 2004; Tirloni et al., 2013; Yurkerwich et al., 2016) . The strongest presence of the Environmental Science area in the majority of Mercury related keywords is due to the fact that all the Hg forms are environmental contaminants and several studies are carried out to increase our understanding on Hg toxicity in order to minimize their effects in the environment. It should be stressed however that a single paper (document) can be found in more than one category. In the same context, Environmental Science (45%), Medicine (25%) and Chemistry (23%) are the areas that represent the majority of the documents indexed with selenium and mercury.
Top 5 contributing authors in Selenium, Mercury and their organic and inorganic forms
Generally, research groups are specialized in a determined field of study, and the same was observed in relation to the subjects of this paper. When we searched for the top 5 publishing authors in the Selenium area, it was possible to see that the Brazilian researcher, Dr. Nogueira, appears in the first position followed by researchers from United States (Dr.
Burk, Dr. Gladyshev, and Dr. Combs) and United Kingdom (Dr. Whanger) ( Figure 2 and Table 4 ). All of them have almost the same number of published documents (approximately 170 documents) indexed in the Scopus database ( Figure 2) . Although the number of citations per paper of Dr. Nogueira is lower than the other authors (Figure 2) , when compared to the other authors, Dr. Nogueira is young in the selenium research field. Her first paper with the keyword selenium was published in the Brazilian Journal of Medical and Biological Research in 2002 (see Farina et al., 2002) (Table 4 ). Thus, she still has much to contribute in the selenium and organoselenium (discussion above) fields. Research, Society and Development, v. 9, n. 2, e150922177, 2020 (CC BY 4. 
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When the keyword "selenite" was searched, four (Dr. Shearer, Dr. Ganther, Dr. Suzuki and Dr. Ip) of the top 5 authors apparently stopped their scientific carrier, since their last indexed publication with the keyword "selenite" was in the last decade (Table 6 ). On the other hand, when the keyword "selenate" was searched, two of the top 5 authors with the highest number of publications were from Russian Federation (Dr. Krivovichev and Dr. Tananaev), one from Bulgaria (Dr. Stoilova), and two from United States (Dr. Pilon-Smits and Dr.
Frankenberger). As it can be shown in Table 7 , it is possible to conclude that, Dr.
Frankenberger is not more academically active since its last published paper was in 2008. The other four authors are still publishing (Table 7) and will probably increase their contribution to the field of Material Science (Dr. Krivovichev and Dr. Tananaev), classic Chemistry (Dr.
Stoilova) and Agricultural and Biological Sciences (Dr. Pilon-Smits). 
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Source: The authors. Research, Society and Development, v. 9, n. 2, e150922177, 2020 (CC BY 4.0) | ISSN 2525 -3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i2.2177 Review (see Nogueira et al., 2004) . In the same line, Dr. El-Bayoumy is affiliated to an American institution and has published several papers studying the effects of the organoselenium compound, 1,4-phenylene-bis(methylene)selenocyanate (p-XSC), in tumorigenic cells (for example, see EL-Bayoumy, 1997; EL-Bayoumy et al., 2003; EL-Bayoumy and Sinha, 2004) . Research, Society and Development, v. 9, n. 2, e150922177, 2020 (CC BY 4.0) | ISSN 2525 -3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i2.2177 6 Position Authors' name First publication Last publication Highest cited publication Grandjean), one from China (Dr. Feng, the same from the "mercury" keyword) and one from Slovenia (Dr. Horvat, the same from "mercury" and "inorganic mercury" keywords). Dr.
Aschner has been working with the neurotoxic effects of methylmercury and has made important contributions to the understanding on how methylmercury is handled by the cells (for example, see Rodier, 1984; Aschner & Clarkson, 1988; Aschner & ASCHNER, 1990; Shanker & Aschner, 2003; Farina et al., 2011) . Dr. Feng has several publications studying the mercury content in rice and fish as well as its emission in China (for example see Qiu et al., 2005 Qiu et al., , 2006 Feng & Qiu, 2008; Liu et al., 2014) . Dr. Horvat has an expertise in analytical techniques to determine different chemical forms of mercury and has been contributing to this field (for examples see Horvat et al., 1990 Horvat et al., , 1993 Horvat et al., , 2003 Liang et al., 1994 Liang et al., , 1996 . Still, Dr.
Grandjean has several papers studying the pre and postnatal exposure to methylmercury as well as he has been following the development of the Faroese and Seychelles Island population, which have fish as main source of protein and unfortunately as methylmercury (Murata et al., 2004; Grandjean et al., 2004 Grandjean et al., , 2005 Debes et al., 2006) .
Interestingly, the top 5 authors from the selenium and mercury in the same documents were not the same from the documents published with selenium or mercury keywords separately ( Figure 4 and Table 13 ). Two of the 5 authors are affiliated to American institutions (Dr. Burger and Dr. Gochefeld), two are from Japan (Dr. Tanabe and Dr. Imura), and one is from Canada (Dr. Chan). Dr. Burger and Dr. Gochfeld have been working together determining selenium and mercury in the sea animals, as well as studying the interaction between these elements (for examples see, Burguer et al., 1992 Burguer et al., , 2017 Burguer & Gochfeld, 2005 ). In the same line, Dr. Tanabe also works evaluating the selenium and mercury levels in sea animals (for examples see, Kim et al., 1996; Ikemoto et al., 2004; Horai et al., 2014 
Position
Authors' name First Last Highest cited Research, Society and Development, v. 9, n. 2, e150922177, 2020 (CC BY 4.0) | ISSN 2525 -3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i2.2177 13 Source: The authors.
In addition, in this study, we found that the great Brazilian authors' contribution occurs mainly in the area of "organoselenium" acting in the organic synthesis, pharmacology or toxicology lines. Here, we would like to highlight the great importance of the organoselenium research of Brazil, once Brazil is in the first position of published documents and the first organoselenium Brazilian document was recently published (see Lang & Comasseto et al., (1988) ). In addition, we can say that the presence of Brazil in the research is "youthful", once the first masters and PhDs courses of this country started 65 years ago (Bianchetti & Fávero 2005; Cirani et al., 2015; Nobre & Freitas, 2017) . This indicates the importance of the academies in the investigation and the positive evolution of the Brazilian research.
Final Considerations
This is the first bibliometric study about the chemical elements Selenium and Mercury. Here, it was possible to observe the increase in the interest of the researches about these elements since their first publication. Although the United States is the country with the highest number of publications in all the keywords used in this study, followed mainly by China, Japan, Germany, United Kingdom and Canadian, it is important to highlight the publication publication publication presence of Brazil in the second position when the keyword "organoselenium" was searched.
This study can become an important tool to find areas of knowledge with the high number of publications, the top scientists in those areas, as well as shown the interest of their respective countries in the research.
